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Abstract. Introduction: Determining the post-mortem interval is usually based on 
macroscopic-morphological criteria (cadaveric phenomena); some other objective 
methods are often difficult to access in daily practice; therefore, we analyze the 
usefulness of the histopathological examination of the skin as a supplementary me-
thod for determining the post-mortem interval. Materials and methods: 23 patients 
and 92 skin biopsies were analyzed. All samples were taken in a maximum time of 
6 h post-mortem. Biopsies were classified into 4 groups according to the post-mor-
tem interval, with 23 biopsies in each group: 1 (1 to 6 h); 2 (25 to 30 h); 3 (49 to 54 
h); 4 (73 to 78 h); 21 histological criteria were analyzed with Fisher test and princi-
pal component analysis. Results: Skin biopsies of 23 corpses (mean age 51.6 years, 
15 males and 8 females) were studied. 21 histological criteria were analyzed by Fi-
sher test; statistical significance (p <0.001) with a reliability of 94.61% was achieved 
in 15 parameters. With the 15 selected parameters, a principal component analysis 
established that there were differences among the 4 analyzed groups. Conclusions: 
The skin histological changes may be used as a supplementary parameter in the 
forensic evaluation of the early post-mortem interval.
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Estudio forense de los cambios post mortem en la 
piel como prueba complementaria para determinar 
el intervalo post mortem (primeras 78 horas)
Resumen. Introducción: la determinación del intervalo post mortem suele basarse en 
criterios morfológicos macroscópicos (fenómenos cadavéricos); algunos otros métodos 
objetivos son a menudo de difícil acceso en la práctica diaria. Por lo tanto, analizamos 
la utilidad del examen histopatológico de la piel como método complementario para 
determinar el intervalo post mortem. Materiales y métodos: se analizaron 23 pacientes y 
92 biopsias cutáneas. Todas las muestras se tomaron en un tiempo máximo de 6 h post 
mortem. Las biopsias se clasificaron en 4 grupos según el intervalo post mortem, con 23 
biopsias en cada grupo: 1 (1 a 6 h); 2 (25 a 30 h); 3 (49 a 54 h); 4 (73 a 78 h); se analizaron 
21 criterios histológicos con la prueba de Fisher y el análisis del componente principal. 
Resultados: se estudiaron biopsias cutáneas de 23 cadáveres (media de edad 51,6 años, 
15 hombres y 8 mujeres). Se analizaron 21 criterios histológicos mediante la prueba de 
Fisher; la significación estadística (p <0,001) con una confiabilidad de 94,61% se logró en 
15 parámetros. Con los 15 parámetros seleccionados, el análisis del componente principal 
estableció que había diferencias entre los 4 grupos analizados. Conclusiones: los cambios 
histológicos cutáneos pueden utilizarse como parámetro suplementario en la evaluación 
forense del primer intervalo post mortem. 
Palabras clave: autolisis, análisis forense, intervalo post mortem, biopsia cutánea.
Estudo forense de mudanças pós-morte da pele 
como um teste suplementar para determinar o 
intervalo pós-morte (primeiras 78 horas)
Resumo. Introdução: a determinação do intervalo pós-morte usualmente está baseada em 
critérios macroscópicos-morfológicos (fenômenos cadavéricos); alguns outros métodos 
objetivos frequentemente são difíceis de acessar na prática diária; portanto, analisamos 
a utilidade da análise histopatológica da pele como um método suplementar para a 
determinação do intervalo pós-morte. Materiais e métodos: 23 pacientes e 92 biópsias de 
pele foram analisados. Todas as amostras foram tomadas em um tempo máximo de 6 horas 
pós-morte. As biópsias foram classificadas em 4 grupos de acordo com o intervalo pós-
morte, tendo 23 biópsias em cada grupo: 1 (1 a 6 horas); 2 (25 a 30 horas); 3 (49 a 54 horas); 
4 (73 a 78 horas); 21 critérios histológicos foram analisados com o teste Fisher e a análise 
de componentes principais. Resultados: biópsias de pele de 23 cadáveres (idade média 51,6 
anos, 15 homens e 8 mulheres) foram estudados. 21 critérios histológicos foram analisados 
usando o teste de Fisher; significância estatística (p <0,001) com uma confiabilidade 
de 94,61% foi alcançada em 15 parâmetros. Com os 15 parâmetros selecionados, uma 
análise de componentes principais estabeleceu que existiam diferenças entre os 4 grupos 
analisados. Conclusões: as mudanças histológicas na pele podem ser usadas como um 
parâmetro suplementar na avaliação forense do intervalo pós-morte inicial.
Palavras-chave: autólise, investigação forense, intervalo pós-morte, biópsia de pele.
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Introduction
The skin undergoes changes as soon as death occurs. 
Although the macroscopic evaluation of skin is very 
important to determine the post-mortem inter- 
val, there are few studies on the post-mortem his-
tological changes [1, 2]. The post-mortem skin 
histological study in the first 72 hours may give 
information about an internal disease, the events 
that occurred at the time of death or the post-mor-
tem environment [3, 4]. 
Establishing the post-mortem interval facili-
tates the process of investigation of the deceased, 
assists in distinguishing between a real pathology 
and a post-mortem artifact, and excludes suspects 
based on the chronology of their activities [5, 6]. 
There are multiple approaches for determin-
ing the post-mortem interval [7]: Determination of 
vitreous concentrations of glucose [8], sodium and 
potassium [9, 10]; the degree of corneal opacity 
and fundus analysis [11]; spectrophotometric anal-
ysis of lividity [12]; the degree of pleocytosis in 
cerebrospinal fluid [13]; potassium and glucose 
concentration in synovial fluid [14]; estimation 
of the volume and number of adrenal chromaffin 
cells [15, 16]; determination of myoglobin in thy-
roid, lungs and blood [17]; degree of mobility of the 
nasal cilia [18]; rt-pcr analysis of genes involved in 
circadian cycles [19]; post-mortem muscle mechan-
ical stimulation [20]; determination of cardiac tro-
ponin i [21], and many others. 
There is little information available on the 
relationship between skin histology and the time 
of death. Bardale et al. [22] studied skin histologi-
cal changes in the early post-mortem period. They 
found no epidermal or dermal abnormalities in the 
first 6 h post-mortem; dermal degeneration began 
between 6 and 9 h post-mortem with disintegra-
tion of the dermis and the annexes after 18 h post-
mortem. However, the chronology of post-mortem 
histological skin changes has not yet been deter-
mined accurately in a statistically valid sample. 
Skin histological changes under certain conditions 
of temperature and humidity may have a pattern 
to serve as objective and easily accessible param-
eter for determining the post-mortem period [23]. 
Our goal was to analyze the usefulness of the his-
topathological examination of the skin as a supple-
mentary method for determining the post-mortem 
interval (less than 72 h).
Materials and methods
In this double-blind observational study, tissue sam-
ples of skin were obtained from corpses that were 
studied at the Forensic Medical Service, within the 
first six hours post-mortem. Cases with generalized 
or local skin changes at the site of the biopsy, burned 
corpses, and cases with history of severe dehydration, 
sepsis or malignant hyperthermia were excluded.
With informed consent of relatives, skin 
samples were taken. Skin from the supraumbilical, 
midline abdominal region was obtained taking 
advantage of the incision for autopsy. A full 
thickness skin and hypodermis biopsy of 60 x 5 mm 
was obtained and divided into two sections: biopsy 
A (10 x 5 mm) and biopsy B (50 x 5 mm). Biopsy A 
was immediately placed in a glass jar with 4% 
buffered formalin. Biopsy B was exposed to room 
temperature in an open container in the shade and 
to an average temperature of 26°C (21-30 °C) with 
70% of humidity for 72 additional hours, without 
formaldehyde. After 24 h, a first fragment of biopsy 
B was taken (biopsy B1, 10 x 5 mm); at 48 h, a second 
fragment (biopsy B2, 10 x 5 mm), and at 72 h, 
the last fragment (biopsy B3, 10 x 5 mm). Each 
fragment was introduced in formalin immediately 
after being sectioned.
The skin of 23 cadavers was analyzed. Four 
study groups were formed, each with 23 biop-
sies. The post-mortem interval for each group was: 
Group 1, biopsy A, 1-6 h; group 2, B1, 25-30 h; group 
3, B2, 49-54 h, and group 4, B3, 73-78 h. 
All biopsies were fixed in formalin, embedded 
in paraffin, sectioned and stained with hematoxy-
lin and eosin. 21 histological criteria were analyzed: 
1) Presence of stratum corneum, psc (present or 
absent); 2) Compaction of stratum corneum, csc 
(compact or loose); 3) Percentage of detachment 
of the stratum corneum, dsc (0%, <10%, 10-50%, 
> 50%); 4) Presence of granular layer, gc (present 
or absent); 5) Basophilic condensation of granular 
layer (a basophilic line at the bottom of granular 
layer), bcgl (present or absent); 6) Topography of 
the degeneration of the spinous layer, tdsl (none, 
upper half, total); 7) Percentage of early hydropic 
degeneration of spinous layer (diffuse, small cyto-
plasmic vacuoles without displacement of the cell 
nucleus), ehdsl (0%, <10%, 10-50%, >50%); 8) 
Percentage of cells with obvious, advanced, hydropic 
or ballooning degeneration (large cytoplasmic vac-
uoles with displacement of the cell nucleus), ahd 
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(0%, <10%, 10-50%, >50%); 9) Percentage of loss of 
morphology of basal cell layer (desorientation and/
or detachment of basal cells), lmbc (0%, <10%, 
10-50%, >50%); 10) Percentage of degenerated 
melanocytes (nuclear and cytoplasmic changes, 
including nucleus displacement, picnosis, hydropic 
degeneration, necrosis), dm (0%, <10%, 10-50%, 
>50%); 11) Orientation of collagen fibers (normal 
parallel distribution of fibers in relation to epider-
mis) ocf (normal, abnormal); 12) Percent of hya-
linization of the collagen fibers (individual collagen 
fibers acquire an eosinophilic amorphous appear-
ance), hfc (<10%, 10-50%,> 50%); 13) Percent of 
blood vessels with inflammatory cells adhered to 
the endothelium, vic (0%, <10%, 10-50%, >50%); 
14) Percent of blood vessels with perivascular 
inflammatory infiltrate, pvii (0%, <10%, 10-50%,> 
50%); 15) Percentage of hydropic degeneration of 
sweat glands, hdsg (0%, <10%, 10-50%, >50%); 16) 
Position of the sebaceous gland, pgs (detached, 
not detached, absent); 17) Percentage of necrosis of 
sebaceous gland, nsg (0%, <10%, 10-50%, >50%); 
18) Percentage of axonal hyalinization (visible, 
eosinophilic axons), ah (0%, <10%, 10-50%,> 50%); 
19) Percentage of necrosis of the hair follicle, hfn 
(0%, <10%, 10-50%, >50%); 20) Loss of adipocyte 
morphology, lam (0%, <10%, 10-50%,> 50%); 21) 
Conservation of lobular structure of adipose tissue, 
cls (present, absent).
Statistical analysis
Demographic parameters and histological findings 
were analyzed using spss V22 package. We used 
Fisher test to compare each nominal histological 
variables between the 4 groups. Those variables 
that showed statistical significance between them 
were included in a principal components analysis 
that evaluated whether the combination of these 
parameters allowed to differentiate between the 4 
groups analyzed.
Results
Skin biopsies of 23 individuals who died (mean age 
51.6 years, 15 males and 8 females) were analyzed. 
All samples had been taken in a maximum time 
of 6 h post-mortem. 21 histological criteria were 
analyzed by Fisher test; statistical significance 
(p <0.001) with a reliability of 94.61% was achieved 
in 15 of the 21 parameters studied. These parame-
ters were statistically significant: 1, 4, 6, 7, 8, 9, 10, 
11, 12, 15, 16, 17, 19, 20, and 21, which correspond 
to presence of corneal and granular cell layers, 
topography of hydropic degeneration of the spi-
nous layer, orientation of the collagen fibers, and 
percentage of: Early and advanced hydropic dege-
neration of spinous cells, loss of morphology of 
basal layer, melanocyte degeneration, hyaliniza-
tion of the collagen fibers, hydropic degeneration 
of sweat glands, detachment and necrosis of the 
sebaceous gland, necrosis of follicles, loss of adipo-
cyte morphology, and conservation of hypodermic 
lobular structure. 
Figure 1 shows the progression of post-mor-
tem changes in the epidermis with progressive loss 
of granular cell layer (gcl), followed by hydropic 
degeneration of spinous cell layer (scl), and loss of 
morphology of basal layer (bl).
Figure 1. Epidermal progressive changes according to the post-
mortem interval. A. Group 1: Granular cell layer is compacted; 
B. Group 2: Early hydropic degeneration is observed; C. Group 
3: Advanced hydropic degeneration of spinous cell layer. D. 
Group 4: Complete autolysis of epidermis. gcl (granular cell 
layer). scl (spinous cell layer), bl (basal layer). h&e (100X).
In figure 2, it is possible to observe the pro-
gressive loss of the normal structure of collagen 
fibers (cf) with final collapse, and the progressive 
degeneration of skin appendages.
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Figure 2. Dermal progressive changes according to the post-
mortem time. A. Group 1: Normal distribution of collagen 
fibers; B. Group 2: Incipient hyalinization and alteration of 
the orientation of the collagen fibers; C. Group 3: Loss of skin 
dermal annexes; D. Group 4: Total collapse of the dermis. cf 
(collagen fibers), h&e (20X).
The degenerative changes in the subcutaneous 
tissue with loss of structure of the lobular structure 
and autolysis of adipocytes are shown in figure 3.
Figure 3. Subcutaneous progressive changes according to the 
post-mortem time. A. Group 1 (20X): Normal lobular structure; 
B. Group 2: Incipient loss of lobular structure; C. Group 3: 
Advanced fragmentation and collapse of the lobular structure; 
D. Group 4: Complete autolysis. (100X, h&e). 
With the selected parameters (n=15), a prin-
cipal component analysis was performed to estab-
lish whether there were differences among the 4 
analyzed groups. The results are shown in Figure 4. 
All four groups were different and able to be 
separated.
 
PC
2
PC1
0,1
-1,1
-0,5
0,5
1,0
Group_1
Total
Group_3
Group_4
Group_2
0,0
0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,00,0
Figure 4. Principal component analysis of 15 
selected parameters showed statistical differences 
among the 4 analyzed groups that allowed differ-
entiate between them with a reliability of 94.61%.
Discussion and conclusions
The skin is a very accessible organ. One of the 
goals of the forensic autopsy is to determine 
the post-mortem interval; this is specially impor-
tant in the first 72 hours. In the daily practice, seve-
ral parameters are used to stablish this interval, 
including the macroscopic aspect of the corpse, 
the skin changes and the body temperature. We 
designed an experimental study to evaluate the 
histological changes in the different cutaneous 
components related with the post-mortem inter-
val. We used paraffin embedded sections stained 
with hematoxylin and eosin stain because the basic 
histopathological study gives results in a short time 
at a low cost, allowing its use in the daily forensic 
practice. 
Putrefaction is a process conditioned by phys-
ical and environmental factors such as temperature 
and humidity, therefore we used controlled condi-
tions [24]. All samples were exposed to the same 
environmental conditions. The limitation of this 
study is basically that the samples were studied in 
certain conditions, that although are prevalent 
in many regions in the world, they did not include 
the extreme temperatures even in the local area; 
for this reason, the results related with the time of 
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progression are valid only in similar environmen-
tal conditions. However, this study has shown in 
detail,  for the first time, the type and progression 
of post-mortem histological changes in the dif-
ferent components of the epidermis and subcuta-
neous tissue. It also has shown that post-mortem 
histological changes in the skin with the specific 
conditions of humidity, temperature, latitude and 
altitude allowed to differentiate between the four 
groups of study with a reliability of 94.61%.
There is not a single histological change suffi-
cient enough to determine the early post-mortem 
interval but 15 parameters had statistical signifi-
cance and can be used in future studies to determine 
a mathematical model that explains the character-
istics of each group with the highest reliability.
In particular, some structures in both the epi-
dermis, dermis and subcutaneous cellular tissue 
exhibit changes that are easy to identify. The stra-
tum granulosum (or granular layer) is a thin layer of 
cells in the epidermis that can be identified because 
these cells contain keratohyalin granules. This layer 
was almost always present in group 1 with variable 
grades of compaction (cells appeared collapsed). 
The percentage of observable granular cells dimin-
ished in group 2, and they were practicable not rec-
ognized in groups 3 and 4 (figure 1). In general, 
percentage of cells with obvious hydropic or bal-
looning degeneration (large cytoplasmic vacuoles 
with displacement of the cell nucleus), evaluated as 
0%, <10%, 10-50%, >50%, was also a useful param-
eter, specially to differentiate between groups 2 and 
3 as shown in figure 1. Group 4 was easily identified 
because all parameters lost their normal aspect and 
only ghost structures were seen. 
In the dermis, virtually all group 1 biopsies 
showed normal aspect of collagen fibers with paral-
lel orientation to the epidermis; in group 2, in addi-
tion to the incipient disorientation of the fibers, 
some fibers began to show hyalinization, while the 
disarray in the orientation of fibers was evident in 
group 3. Degeneration of dermal annexes was evi-
dent in group 3 and it was not possible to recognize 
them in group 4 (figure 2). The loss of lobular struc-
ture was useful to differentiate between groups 2 
and 3; in the former, the lobular pattern was pre-
served but there was already incipient fragmenta-
tion of septa; these changes were more evident in 
group 3.
This study demonstrated that the skin may 
be used as a supplementary parameter in the 
evaluation of the early post-mortem interval. It is 
necessary to corroborate these findings in other 
regions with similar environmental conditions, 
and to design a comparative study at different and 
extreme environmental conditions to determine 
the influence of physical findings in the process of 
skin autolysis.
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